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This report contains the flighLtest results of the 
lOngitud1nal"atability and -control phase of a general f l y i e  
qualities investigation of the Lockheed P-8OA airplane (Army 
No. 44-85099). The  tests were conducted at  indicated airspeeds 
up to 530 mlles per hour (0.76 Mach number) at l& altitude and 
up to 350 miles per hour (0.82 Mach number) at high altitude. 

These tests shared that the flying qualities of the a3rplm-e 
were in accordance with the requirelnents of t he  Army Air Forces 
Stability and Control Specification except for excessive elevator 
control forces in maneuvering flight and the inadequacy of the 
longitudinal trinnning control at low airspeeds. 

Flight tests on a Lockheed MOA airplane (Army Noc 44-85099) 
were conducted at the request of the A i r  kteriel carrrmand, Army M r  
Forces, to obtain quantitative meamrements of the flying qualities. 
This report  presents the data obtained during the longitudinal 
S t a b i l i t y  and control tests .  - 
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A three-view drawing of the airplane is  presented in  figure 1 
and photographs of the airplane as inetrwru3nted for f l l g h t  h e t e  
are given in  figures 2- and 3. The basic dFnaensions of the airplane 

12,000 pounds the  centelr-of-gravity range possible i n  flight 3s 
0.196 t o  0.317 M.A.C. 

=e given i n  tables 1 . . !e  At .  the n%?g p ? e .  of ". 

The variation of elevator control position with s t ick  movement 
(spring tab,locked) f o r  the ncdoad ground condition, i s  presented 
i n  figure 4. The spring tab had a preload of 4 pound8 and reached 
a maximum deflection (22O dam)  with a,n elevator control force of 
approximately 18 pounds. The ccrmbination t r i m  and booet tab on the 
elevator had a boost r a t i o  of d€it/dS, = - 0.33. Figure 5 shows the 
variation of elevator  control farce (bungee ef fec t )  with e l e v a t o r  
angle for the atatic no-load condition. %e f'riction in  the elemto+ 
control system was found t o  be approximately 4 pounds ae masured 
w h i l e  the control waa moped slowly t h o u &  the neutral poeition. 

m e  flight-test data w e r e  obtained by t h e  use of skmdard 
NACA photographically  recording InstrUmSnt~ epchronlzed by an HACIA 
timer. The e lemtor  and elevato*ta% position recorders =re of 
the wire-wound resistor type mounted on th0 Inboard edge of the 
f iX8d SUrfaC0. 

Indicated airspeed V i  was msa8Wed by ~ ~ 8 1 1 8  of a standard 
-.RACA free-swiveling airspeed head mounted approximately two chord 

.. 3engthe ahead of the wing leading edge on the r ight  w i n g  t i p  
-" ( f ig .  2) .  The airspeed values were corrected for position error dus 

-. " t o  the  presence of the wing and also for  the inherent static- 
pressure error of the airspeed head. Values  of fndicated airspeed 

b i l i t y )  copmnonly used i n  the cal lbrat ian of 8tanda.rd airspeed 
indicators. 

\FL 
I were computed frm the ai rsped fo7m.d.a (corrected for compree8i- 

." 

... -- 



lmdtitude range of 2,100 to ll,5OO f e e t  and a high-altitude range 
of 27,300 to 36,000 feet. 5 low-altitude  teste were ms& at 
indicated airspeeds  up t o  530 miles per hour (0.76 Mach number M) 
and the high-altitude t e e t e  up to 350 mi388 per hour (0.82 Mach 
number). In the  presentation of the results, indicated airspeed waa 
considered the pr-ry indepndent variable for low-altitude t e s t s ,  
and Mach number the prfmarg miab le  for high-altitude tests. 

Although no quantitative data are presented herein, it was 
found from fl ight  records that the shorkperiod d m c  oscil lations 
of noma1 acceleration and elevator angle were damp& within one 
cycle up to the  higheet teat apeed of 500 miles per hour at  an average 
pressure  altitude hpa of 5WO feet  (0.71 bhch m b e r )  and 295 milee 
per hour at 35,000 fees (0.76 Mach  number). 

Static  Longitudinal Stabflity 

zlhe static longitudinal-stabilftg  chamcterist ics are presented 
in  figure 6 for the landing approach(P7ap and gear down, 5O-percent 

conditions. Stick-free and stick-fixed characteristics whfch e m  in 
accordance with the requirelnents of reference I &re shown by the data 
in figure 6 .  lxze t o  the e f fec t s  of compreeeibility on the stability 
of the airplane, the slope of the curves of elevator angle and, control 
force  tend to reverse at approxFmately 0.70 Mach number. (See 
fig. 6(c).) It can be seen, however, that these changes are of 
amall magnitude up t o  the highest test Mach number of 0.817. 

power) and power-"clean ( f lap and gear up, g& t o  100-percent power) 

Figure 7 presents data showing the determination of the stick- 
fixed and stick-free neutral points f o r  the power-o-lean condition 
a t  low al t i tude.  The rate of chaage of elevator eagle Se end t r lm 
tab angle 6t fo r  zero elevato-ontrol force with lift coefficient a were derived from cross plots of data obtabed i n  flight  tests 
in which the trim tab was varied over a suitable raage at each of 
several constant airspeeds. These data (fig. 7'1, which are for a 
condition of zero sprin&ab deflection, ahow that the position of 
tho neutral point is approximatelJr 0.34 M.A.C., for both  the stick- 
fixed and stick-free  conditions over a Q, range of 0.1 to 0.8 and 
a Mach &er range of 0.19 to 0.74- 
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Elevator Control Pomr 

NACA RM No. A w l  

The elevator-control  characteristics fo r  the landing condition 
i n  the presence of the ground are shown by the data i n  figure 8. 
These d a t a  were taken from cross plots a t  three center--of-gravity 
posl t iom of the variation  with airepeed of elepator angle required 
for ground contact. These bta Indicate that the  elevator power was 
euff ic ient   to  laad the airplane a t  Logvsl (120 mph) with the 
o e n t e " g r a v i t y  posftlan aa far forward &a 0.17 M.A.C. The 
elevator  control  forces required t o  land at  1.m~~ exceeded 35 
pounds for the forwaxd center-of-gravity  condition, due primarily 
t o  the inadequacy of the trimmi% control. 

The elevator-con%rol characteristlos in maneuvering flight for 
the lm-alt i tude  taste are shown by the data   in  figure 9. These 
results  Indicate an appreciable Increase in stick-force gradient with 
increasing  acceleretticm for the forwa3.d. cente-f-gravity  position, 
asd a elight reduotion in stick-force  gradient wi'th increasing 
acceleration for the rear centewf-gravity  posit ion.  A ~ ~ r m n a r g  of 
the foregoing data has been made far the  higheet test s p e d ,  and 
the results are sham in figure 10 as the variation of the E 3 t i C b  
force gradient with center-of-gravity  position for various vaJ.ws of 
Az. It caa be seen that the stick-farce  gradient is  unsatisfactorily 
large a t  the higher Az values for  center-of-gravity poeitions 
forward of approxilnately 0.25 M.A.C., and forward of 0.23 M.A.C., 
fw the lower Az values. 

Figum 11 presents data showing the  variation of elevator mlgh 
w t t h  indicated airspeed for balance for vwious values of nunrial 
acceleration factor Az. These data, derfved from figure 9 for 
tho forward centeMf-gravIty  poeit ion at low altitude, &Ow that 
the elevator was powerful enough t o  develop e i ther  the maxlnnrm lift 
coefficient or the maximan allowable load factor omr the range 
teated. 

The elevatar-control  characteristics in mwmuvering flight at 
hi& altitude are shown by the d a t a  i n  figures 12 through 15. 
The curve6 showing the variation of elevator angle x i t h  Mach nmber 
for varioua Az values (figa. 13 and 15) were obtained from croea 
plots of the data of f I v e s  12 rtnd 14. The curves of .elevator 
angle for trim for A p l  are for apprcucimaklg zero deflect.tm of 
the spring tab and therefore xi11 not  exactly agree with the da.k 
presented prevlouely i n  the s t a t i c   l o n g i t u d i a a l - s t a b i l ~ ~ y  ckLgtracte~- 
i e t i c s  &own in figure 6(c). 

1 
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A smma.ry of the control-force  v3xiation at high a l t i t udes  
(qpproximately 29,OOO t o  36,4oO feet)  Kfkh Az is given by the data 
in figure 16, in which the Tariation ai? elevator.  control-force 
gradient with Mach nmber is shown for -the forward and rear c e n t e r  
of-gravity  positions. These data show a Large increase in  control- 
force  @adient at t h e  higher Mach nmbere for the forward centex- 
of-gravity  location. A t  the reax center-of-gravity  location only 
a small variation of stick-force gradient was noted. Thfs effect 
is pa r t i a l ly   a t t r i bu ted   t o  the larger change Kit3 Mach number of the 
elevator deflection par unit Az required at the forward center-of- 
gravity  location. (See figs. 12(c) and 14(c).) 

Longitudinal Trim Changes 
” . . 

I The longitudinal t r i m  changes encountered at constant speed and 
tr ir~-tab setting for any variat ion of p e r s  f>ap o r  ges s e t t b g  
did  not  exceed 2 pounds. 

-c 

From te s t a  in s teady  e t ra i&t flight it was found that the 
elevaeor trim tab WBB n o t  capable of reducing the elevator control 
force t o  zero at l.4VsL (165 mph) and 1.2VQ (1% mph) w i t h  the 
center of gravity in the forward position. The lowest trim speed 
obtainable w r t h  f u l l  nose”up tab setting was approximately 200 miles J 
per hour for the forward cen.ter”of”gmvity position. 

2. The stat ic  longitudinal-etabil i ty  characterist ics were 
sat isfactory over the +%st range. The power-on-claan  .etfck-Sixed 
and atick-free neutral points were located at approximately 
0.34 M.A.C., f o r  the low-dtitude t e s t s .  
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3.  Tha e l e v a t m o n t r o l .  power was sufficient to dovelop either V 
the =hum l i f t  coefficient or the limit load factor over the t e s t  reLnge. . .  

4. The elevator control was sufficiently powerful t o  hold the 1 
airplane off the ground at a speed of 1.05Vs1, with the center of 
gravity  in the forward position. 

5 .  The elevator control-force gradient in accelerated flight 
appreciably with airspeed and acceleration 

location. For example, at 
gradient was 10.8 pound8 

a t  A p 6 .  A t  high altitudes, the elevatar 

V position, where the gradient (taken 
gradient  increased sharply a t  the higher Mch numbers 

f'rm 27 pounds per g at 0.75 Wch n&er to 45 at d 

i n  elevator  control  force required i n  steady 
- . .. . a += J . st raight  flight at  constant speed following changes in flap, ,gear, 

1 .- . r. - 7. !&e longitudinal trinnning control was ine,dequate In that 5t 

;-;-A" belar  200 miles per hour with the forward centelr-of-.gravity location. 

. .  - 4 and power settings were desirably sma~. 

wa8 not  possible to t r i m  t o  zero  elevator control force at speeds 

--B.s 'I+ 
. '- "9. Tb> &8 Aeronautical LRboratmy, 

i. 4 National Advieory Connnittee f o r  Aeronautics, 
. L  . _. ;.. r + & y \  - .. MOffott Field, Calif. :- 

1. Anon: Stabili ty nnb Control Characteristic8 of Alrplaruss. 
Spec. No. R-181541, Army A i r  Forces, April 7, 1945. 

. 
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Figure 1.- Three-view drawfng of test airplane. 

Figure 2.- Three-quarter f ront  view of t he  t e a t  a i q l a e s  as 
instrumented fer f l i g h t  tes te .  

Figure 3.- Three-qwter rear view of the test  airplane. 

Figure 4.- Variation of elevator angle with atfck movelnent for 
e t a t i c  no-load condition. 

Figure 5.- Variation of e levator   control  force with elevator angle 
f o r  sta,tic n-load c a d i t t o n ,  

Figure 6.- S ta t ic   longi tudina l   s tab i l i ty  characteristics (a) Landing 
approach  condition. Low a l t i tude .  

Figure 6.- Continued. (b) kwe’~r-011, clean. Low al t i tude.  

Figure 6.- Concluded. (c) Powewn, clean. High altitude. 

Figure 7.- DeteMnlnation of the stick-fixed and stick-f’ree neutral 
points. PowBIc-oI1, c b m .  Low a l t i tude .  

Figure 8.- Variation of elevator -le w i t h  c.g- poeition for 
varioue touchdown speeds. Flap and gear down, engine throt t led.  

Figure g.-EElev~ttor control c ~ c h r i e t i c s  at low altitude. 
Power-on, c&mn. (a) Borward c. g. 

Figure 9.- Continued. (b) Rear c.g., 183, 253, 324, 3’79 mph. 
Figure 9,Concluded. (c) Rear c.g., 419, 486 mph. 
Figure 10.- Variation  of  control force gradient with c.g. 2os i t ion  

for various Az values. P m r - o n ,  clean. Low a l t i tude .  

Figure ll.- Variation of elevator angle with airspeed fo r  various 
values of Az. Power-on, clean. Lar a l t i tude ,  c.g. forward. 

Figure  E.-Elevator  control  chamcterfstfcs at high altitude. 
Forward cogs position. Pow-on, clean. (a) M, ,418, ,558, .674, 
.741. 

Figure 12.- Continued. (b) M, .770, .790, .&IO. - 



Figure 12 .- Concluded. ( c )  M, -812, .8=. 
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Figure 13.- Variation of elevator angle with Mach number for varioue 
Az values. Forward c.g. position. Paaer-on, clean. Bigh alt i tude.  

Figure 14.- Elevator control  chamcterietics at high  altitude. 
Rear c.g. position. Power-cm, clean. (a) M, .415, .528, ,670, .739. 

Figure 14.- Continued. (b) 14, .762,.774, .787. 

Figure 14.- Concluded. ( c )  M, .798, .817. 

Figure 15.- Variation of elevator -e with Mach number for variouer 
Az values. Rear c.g. position. Power"on, clean. H i g h  a l t i tude .  

Figure 16.- Variation o f  controLforce  gr@ient..wfa.hch number . 

for the forward and rear c. g. positions.  Parer-m, clam. High 
al t i tude.  

". 
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F i w e  3. -  Three-quarter rear view of tbe  test airalane. 
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